Background: Inflammatory events following brain death (BD) decrease the quality of donor organs which can affect the outcome of the transplantation. It experimentally and clinically is verified that the level of inflammatory cytokines is increased in the BD of the donor results. In experiments, the in vitro use of vitamin C can successfully decrease the levels of inflammatory cytokines. Objectives: The aim of this study was to investigate the influence of vitamin C administration on the inflammatory status of the graft in BD liver donors. Methods: This study was conducted at Nemazee Hospital's transplant center (Shiraz, Iran). In this interventional study, the BD liver donors (n = 40) were randomly divided into two groups. The control group received only the routine intensive care unit (ICU) considerations, and the intervention group was treated with Vitamin C before harvesting organ (100 mg/kg, initially followed by 100 mg/kg/6h until organ removal). Blood samples were taken from BD patients in the intervention and control groups 3 times: 6 hours before operation, immediately after laparotomy, and immediately prior to clamping the aorta to assess the gene expression ratio of Interleukin 1 beta (IL1B) and Interleukin 10 (IL10) cytokines using real time polymerase chain reaction (PCR) (n = 40). Soluble serum cytokines were measured by enzyme-linked immunosorbent assay (ELISA) (n = 24). Results: No significant differences were observed in mRNA expression ratio of IL1B and IL10 between two groups. Despite an acceptable decrease in serum concentration of the inflammatory markers IL1B and IL10 at time point 2 minus time point 1 (T2-1), no significant differences were observed in vitamin C-treated BD donors compared with the control donors. There was a significant difference among aspartate aminotransferase (AST) and alanine aminotransferase (ALT) changes on the 3rd to 1st days after operation between the control and intervention recipients (P < 0.05).
Background
Except the kidney, brain dead (BD) donors are the main sources of organs for organ transplantation in the United States; Asia and Western countries (1) (2) (3) . Organ transplantation is often the only treatment option at end-stage organ diseases (2, 4) . Evidences have shown that BD causes inflammatory changes in the donors (5) (6) (7) . A study on the liver of BD donors has shown that BD associated with other factors related to the patient's clinical status leads to dysregulation of the genes in BD patients compared with the control subjects. It contains the up-regulation and down-regulation of many genes in different pathways. Upregulated genes often include genes involved in immune and inflammatory responses, cell signaling, stress pathways, apoptosis, and cell adhesion (1, 8) . Moreover, a systemic inflammatory response in BD donors occurs, causing further damages to the organs, e.g. the increased inflammatory cytokines such as tumour necrosis factor alpha (TNF-α), Interleukin 1 beta (IL1B), Interleukin 6 (IL6), Interleukin 10 (IL10) and macrophage inflammatory protein 1-alpha (MIP-1α) in donor organs (4, 9) . In this context, the increased cold ischemia time, unspecific inflammatory events, additional recipient, and donor-related risk factors are crucial (10) .
The "Catecholamine storm" as a consequence of BD leads to ischemia which is associated with a reduced supply of oxygen and oxidative damages (11, 12) . Studies have shown that these Oxidative damages can result in activation of the transcription factor NF-kB and, subsequently, an overexpression of inflammatory proteins (13) .
The hours between confirmation of BD and organ removal might provide an opportunity to diminish the deleterious effects of BD. There are some interventions that can improve the viability of BD donor liver transplants. For instance, application of methylprednisolone (14) , glucocorticoids (15) and glycine (16) had a significant effect on inflammation, graft rejection, and survival.
Vitamin C (ascorbic acid) is an essential water-soluble nutrient. It may protect from dysregulation of the immune-inflammatory response by its antioxidant properties (17) . Despite efforts on the in vitro use of vitamin C as a modulator of the immune system (18) (19) (20) , clinical reports are still limited to analyze vitamin C application in BD liver transplantation.
Objectives
The goal of this study was to evaluate the effect of vitamin C treatment in BD donors and its implications on inflammatory responses and early graft function. For this purpose, we designed a randomized trial in BD liver donors.
Methods

Patients and Samples
This interventional study was approved by the ethics committee of Shiraz University of Medical Sciences, Shiraz, Iran and it was done from April 2012 to June 2013 at Nemazee hospital transplant center (Shiraz, Iran). Blood samples were obtained from the two groups of liver transplant donors (10 to 60 years old): intervention group (Vitamin Ctreated BD, n = 20) and control group (BD, n = 20, Table 1 ). The first blood samples were taken 6 hours prior to transplantation surgery (time point 1). The second blood samples were collected immediately after laparotomy (time point 2), and the third one were obtained before clamping the aorta (time point 3). The intervention group received vitamin C with a primary dose of 100 mg/kg 6 hours before operation, and it immediately was continued with vitamin infusion with a dose of 100 mg/kg (per 6 hours) until the end of the surgery and organ removal. The control group received only the routine intensive care unit (ICU) considerations. The researchers who did the experiments were blinded. This study was registered in the Iranian registry of clinical trials (IRCT) (IRCT registration No.: IRCT2012061410031N1).
Total RNA Isolation and cDNA Synthesis
The total RNA was successfully extracted from fresh blood using QIAamp RNA blood mini kit (Qiagen, USA) according to the manufacturer's instructions. RNA concentration, purity, and integrity were determined using Nano Drop ND1000 spectrophotometer (Thermo Scientific) and electrophoresis of the 5µL extracted RNA on 2% agarose gels, stained with ethidium bromide and visualization under the ultraviolet (UV) light. The isolated RNA was stored at -70°C until further manipulations. All preparation and handling steps of RNA took place in a laminar flow hood, under RNase-free conditions.
cDNA from 500 ng of the total RNA isolated from
PBMCs was synthesized in 20 µL total volume using RevertAid TM H Minus first strand cDNA synthesis kit (Fermentase, Lithuania) according to the manufacturer's instructions and then stored at -20°C. RNA integrity of the cDNA preparations was tested by polymerase chain reaction (PCR) amplification of a 496-bp area of the glyceraldehyde-3-phosphate desidrogenase (GAPDH) housekeeping gene.
Primer Design
Gene sequence information was obtained using nucleotide databases (http://www.ncbi.nlm.nih.gov/gene/). For each target, gene Primer pairs were designed using the Allele ID6 software in order to obtain amplicons ranging from 100 to 200 bp, and specifically were designed to span exon/exon boundaries and then blasted with PRIMER-BLAST (http://www.ncbi.nlm.nih.gov/tools/primer-blast/) to confirm the specificity of the primers set. The primers were synthesized by Bioneer Corporation (Korea). Information for primers and the selected genes is listed in Table  1 .
Quantitative Real Time PCR
Real-time PCR reactions were performed in a 96-well plate format on ABI 7500 real-time PCR system (Applied Biosystems, USA). Each reaction contained 1 µL cDNA template, 0.4 µL of each primer (20 pmole), 0.1 µL ROX Reference Dye (50 x), and 10 µL of SYBR® Premix Ex Taq (2 x) (TliRNaseH Plus), Bulk (Takara, japan) in the final volume of 20 µL. The real-time PCR condition was followed through the manufacturer's instruction: stage 1: initial denaturation, 1 cycle at 95°C for 30 seconds followed by stage 2: PCR, 40 cycles, each cycle including 95°C for 5 seconds, 60°C for 34 seconds. Then, a melting curve was produced to confirm a single gene-specific peak and to detect primer-dimer formation by increasing the temperature to 95°C for 5 seconds, reducing to 60°C for 1 minute and the stepwise increase of temperature from 60 to 97°C at the 
ELISA Test
The serum levels of IL1B and IL10 cytokines were measured using the human IL1B and IL10 Platinum ELISA kit (BT Laboratory, China) according to the manufacturer's instructions. The measurements were performed for 24 samples (12 in each group).
Clinical Parameters
Blood samples were taken from every recipient of each group 3 times (1st, 3rd and 10th postoperative days) to assess the serum values of Aspartate aminotransferase (AST), Alanine aminotransferase (ALT) and Total-bilirubin. Measurement of this biochemical factors was performed routinely at the laboratory of Nemazee hospital, Shiraz, Iran.
Data Analysis and Statistics
Statistical analyses were performed using SPSS-15 statistical software (SPSS Inc, Chicago, USA). Differences between the two groups were analyzed by non-parametric Mann-Whitney test. Statistical significance was set at a P value < 0.05 and the results were expressed as mean ± SE.
Results
Donor Characteristics
There were no statistically significant differences between control and vitamin C-treated BD donors regarding age, gender, hypotension, and perioperative cardiac arrests as well as the fluids (including infusions, albumin, etc.), dopamine, and methylprednisolone applied in both groups ( Table 2) . The preservation time, including cold and warm ischemia time was equal in both donor groups (242 ± 83 minutes in the control vs. 238 ± 77 minutes in the vitamin C-treated BD). The time spent at the ICU was comparable in both groups (10.55 ± 3.01 hours in the control vs. 11.8 ± 4.31 hours in the Vitamin C-treated BD). 
Recipient Characteristics
No statistically significant differences were observed in patients receiving either a graft from control or Vitamin C-treated BD donors regarding age and donor gender (Table 3). The immunosuppressive regimen in both groups was based on methylprednisolone. 
Comparison of Cytokine mRNA Expression in Peripheral Blood Samples
To evaluate the effect of vitamin C on gene expression levels of IL1B and IL10 cytokines in peripheral blood of brain-dead liver donors, we determined the changes of mRNA expression ratio of the selected genes at 3 time intervals [ratio of time point 2 to time point 1 (R2:1), Ratio of time point 3 to time point 1 (R3:1) and ratio of time point 3 to time point 2 (R3:2)] in the two groups and then compared them in the control and intervention groups. In general, our findings revealed that RNA expression ratio of IL1B was lower at R2:1 and R3:1 in the intervention group compared with the control group (P = ns, Figure 1B ) and the mRNA expression ratio of IL10 was lower at R3:2 and higher at R2:1 and R3:1 in the intervention group compared with the control group (P = ns, Figure 1A) . No between-group significant differences were observed in mRNA expression ratio of IL1B and IL10.
Concentration of the Soluble Cytokines in the Control and Intervention Groups
The analysis of serum concentration and its differences revealed that despite an acceptable decrease in the serum concentration of the inflammatory cytokines IL1B and IL10 at time point 2 minus time point 1 (T2-1), no significant differences were observed in vitamin C-treated BD donors compared with the control donors (TP2-1, P = ns, Figure 2A and 2B).
Follow-Up Study and Graft Function
To investigate the effect of the decreased immune activation within the graft due to donor treatment with vitamin C on the allograft outcome, aspartate aminotransferase (AST), Alanine transaminase (ALT) and total Bilirubin values were determined as the markers for liver function. The results illustrated that there was a significant difference among AST and ALT changes on the 3rd day to 1st days after operation between control and intervention recipients groups (P < 0.02 and P < 0.04, respectively, Figure 3A and 3B) , so that the level of these parameters had a considerable decrease through the mentioned period. Despite such a remarkable reduction of these factors on the 3rd and 10th days, the result was not significant. Comparing the changes on the 10th to 3rd days between the two groups, no significant results were found. Regarding the serum total Bilirubin value, there was no significant difference between the two groups of recipients.
Discussion
This study for the first time describes the effect of in vivo vitamin C administration on inflammatory responses of the BD liver donors and graft function of the recipients. Clinical and experimental studies have shown that BD in the donors has a significant impact on the graft quality (21) . This result is supported as the livers from a living donor have superior post-transplant survival rate compared with those from BD donors (22, 23) . This process was associated with the increased immune activation, including the increased release and expression of pro-inflammatory as well as anti-inflammatory cytokines (4, 8) .
The ischemia is a hallmark of BD (24) that subsequently promotes generation of reactive oxygen species (ROS). It in turn induces the activation of NF-KB signaling pathway and up-regulates a dozen of downstream target genes including pro-inflammatory cytokines (i.e. IL1B, TNF-α and IL 6). Therefore, antioxidant agents such as vitamin C seem to be effective in suppressing NF-KB pathway (25, 26) . Accordingly, in this study, vitamin C was administrated to the BD liver donors with a primary dose of 100 mg/kg, and it was continued with the dose of 100 mg/kg/6 hours until organ removal to assess the gene expression and serum levels of IL1B and IL10 cytokines as well as a follow-up study of the recipients.
Olinga et al. and Kuecuek et al. reported that through the real-time reverse transcriptase-polymerase chain reaction (QRT-PCR) analysis of the liver tissues from BD donors, the expression levels of IL1B and IL10 mRNA before the incision were significantly higher than those of living donors (27, 28) . Our results revealed that mRNA expression levels of the studied cytokines were up-regulated at all the 
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No between-group significant differences were observed in mRNA expression ratio of IL1B and IL10 by non-parametric Mann-Whitney test. time points in two groups. Previous studies have shown that the majority of the investigated cytokines were obviously up-regulated after laparotomy of the BD donor (28) (29) (30) . These observations are consistent with the results of this study indicating that gene expression and serum levels of IL1B and IL10 cytokines were more up-regulated in the peripheral blood of the two groups immediately after laparotomy. These changes are expected to increase the graft immunogenicity prior to transplantation and cause a certain decrease in the quality of donor livers.
We also found that serum concentration of the inflammatory markers IL1B and IL10 as well as mRNA expression ratio of IL1B were slightly decreased in the intervention group compared with the control group at laparotomy time point. These observations suggest that vitamin C is mostly effective during laparotomy, probably due to the high oxidative stress during laparotomy than other times.
In 2007, Weiss reported that the levels of ALT and AST in the livers of BD donors were significantly higher on the first and third days after transplantation compared with those of living donors (9) . As a result, our findings revealed that vitamin C has beneficial effects on post-transplant function of the liver from BD donors, since it significantly decreases the levels of ALT and AST during the 1st to3rd days after operation in the intervention recipients compared with the control recipients.
In fact, this study has limitations. For instance, BD liver donors received methylprednisolone and dopamine. It is proven that these immunosuppressive agents decrease the expression of cytokines in the serum and organs (14, 31) . This indicates that these anti-inflammatory drugs possibly have interfered our intervention; therefore, this might be Iran Red Crescent Med J. 2016; 18(12):e44311. 5 
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There was a significant difference between AST and ALT changes on the 3rd day to 1st days after operation between control and intervention recipients groups (*P < 0.02, **P < 0.04).
the reason for the fact that vitamin C has not exerted the expected effects. In addition, the used amount of vitamin C might have been insufficient. Moreover, due to the peak of vitamin C influence at laparotomy time point, it seems better to start the intervention at an earlier time (for example at the time of confirming the brain death diagnosis or at the time of receiving consent for organ donation).
In conclusion, our data may provide a potential explanation for in vivo influence of vitamin C on post-transplant function of the liver from BD liver donors. Accordingly, further studies are needed to elucidate the protective effect of Vitamin C administration in BD liver donor transplantation, which is our next research target.
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